It is now 20 years since I reported the first case of bony reconstruction using a vascularised pedicled iliac crest graft [3, 6] . The idea was to make use of a strong piece of bone that would heal quickly to ensure a secure bridging of a large bone gap resulting after tumour resection [4] . The vascular pedicle ensured rapid bone healing by providing a good blood supply.
Introduction
It is now 20 years since I reported the first case of bony reconstruction using a vascularised pedicled iliac crest graft [3, 6] . The idea was to make use of a strong piece of bone that would heal quickly to ensure a secure bridging of a large bone gap resulting after tumour resection [4] . The vascular pedicle ensured rapid bone healing by providing a good blood supply.
Material and methods
Large benign tumours in the proximal end of the femur are not uncommon. In the past 20 years, we collected over 40 such cases (Table 1) , of which 26 were followed up for more than 15 years.
Large tumours of a locally aggressive nature, e.g., giant cell tumour and low-grade chondrosarcoma, would need thorough removal consisting of resection followed by further shaving with power instruments, so that recurrence was reduced to a minimum. As a result, the remaining bone at this critical proximal end of the femur became so weak that a strong, healthy bone graft was required to bridge the gap to avoid fracture and to allow early rehabilitation and weight bearing.
The surgery required a supine position and a Smith-Peterson approach, which allowed a direct exposure of the hip joint and the inter-trochanteric region of the proximal femur. The bone graft site was prepared by stripping the muscles away from the external iliac crest sub-periosteally. The femoral artery was first identified, then the deep circumflex iliac vessels were isolated via the extended medial end of the incision. This set of vessels run along the inner side of the iliac crest and send branches into the bone. The base of the vascular pedicle must be cleared of adventitial tissue so that when it was subsequently turned in with the bone strut it would not be kinked. The deep-circumflex iliac vascular bundle was traced from its origin at the external iliac artery to its multiple divisions, which enter into the iliac crest bone over the medial cortex 1 cm below its crest level. A thin slice of internal oblique and transversalis muscles was taken together with the vascular bundle, starting from behind the anterior superior iliac spine. The periosteum on the inner cortex of the graft being taken was kept intact. Osteotomy of the bone strut should start from the outer cortex to avoid vascular damage. The size of the bone graft was determined by the bone gap. The longest strut that could be taken measured up to 13 cm [5] .
The bone strut with its vascular pedicle was passed underneath the ilio-psoas muscle tendon to the proximal femoral region. The tendinous portion of the psoas was cut so that the tension across the vascular pedicle would be minimal. Slight flexion of the hip joint during the first week of the post-operative period would further release any tension. The bone graft was jammed into the large bone gap. Usually, fixation was unnecessary. On a number of occasions, a wire loop was used to tie the graft to one edge of the bone gap. Post-operatively, bed rest was required for less than a week, after which partial weight-bearing walking was allowed.
Results
With the exception of two cases that underwent fracture at the site of resection thus delaying healing, all large bone gaps grafted with the vascular pedicled iliac bone strut showed rapid bone healing within 8-10 weeks.
Recurrence happened in two cases of giant cell tumour. Treatment for recurrence consisted of re-operation, tumour resection and bone-chip grafting in the first case; and resection and hip fusion in the second.
Complications were rare. They included superficial wound breakage (three cases), proximal femoral fracture at the tumour site (two cases) and stiffness of the involved Wound gapping happened on three occasions when the incision was made too near the iliac crest and too much skin flap retraction was required during surgery. Re-suturing after careful wound dressing solved the problem. In the majority of cases, the large bone gap bridged by the strong iliac bone strut graft regained sufficient support to allow early ambulation with partial weight bearing within a week or two. Two patients developed proximal femoral fracture at the grafted site within 2 weeks of reconstruction. Remedial measures included simple screw fixation, after which spontaneous healing followed.
Loss of motion of the hip joint might follow the extensive reconstructive measures. This happened in only five of the 40 patients. The loss of full flexion or external rotation did not affect the overall hip function.
Discussion
In spite of surgical attempts to thoroughly remove the tumour, either at or away from its outer margin, there was no absolute guarantee that tumour clearance would be achieved. Recurrence was therefore possible. This happened in two out of 20 cases of giant cell tumour 2 and 4 years after the surgery. No recurrence occurred in any other case. As a matter of fact, recurrence rate should not be high because the confidence with the efficient vascularised bone graft encouraged more radical removal of tumour tissues at the proximal femoral site (Fig. 1). The superiority of the technique hinged on the vascular state of the pedicled bone graft. Without the successful maintenance of vascularity and viability, the technique functioned only as any free bone graft, and the careful procedures taken for the preservation of the integrity of the vascular bundle might not be justified. Our isotope scanning using tin colloid for marrow marking accurately demonstrated graft viability [1, 2] . The two cases complicated by fracture that healed rapidly after screw fixation also indirectly supported the observations. Quick and effective rehabilitation, which was complete within 3-8 weeks, further supported the view.
One worried about the viability of the femoral head after aggressive handling of the proximal femur. In all cases followed up for over 15 years, no femoral head necrosis occurred. One also worried about the strength of the bone strut. Would it give way with stress? All cases reconstructed with the vascular pedicled bone showed graft hypertrophy, which was perfectly incorporated (Fig. 2) .
The 15 years of follow-up on this special method of reconstruction after tumour removal gave us sufficient confidence to define its indications, to standardise the surgical techniques, to further avoid complications, and to firmly establish its value in bone reconstruction.
The common, popular choices of reconstruction in the proximal inter-trochanteric region of the femur included either simple chip grafts with or without nail-plate support, or resection followed by prosthetic replacement. The former choice could not absolutely prevent the occurrence of fractures in this biomechanically vulnerable site. Femoral-head necrosis was another worry. Lengthy, slow, careful rehabilitation was considered absolutely necessary. Prosthetic replacement gave very good immediate results, but since the tumours occur in young-tomiddle-age people, artificial prostheses longevity was a worrying problem.
It is therefore obvious that the vascular pedicled bone graft as a means of reconstruction can be taken as a priority option for bridging large bone defects in the proximal femur after removal of large, locally aggressive tumours. Vascular pedicled iliac strut bone graft has the obvious advantages of being large and strong, and the intact blood supply initiates rapid bone healing.
